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wo b@slered it of United States Provisional

METHOD FOR CARBURI ZI NGSTEEL COVPONENTS CROSS REFERENCE
TO RELATED APPLI CATI ONS The present application clains
Appl PCHUBIN4/036589
No. 60/531,831 filed Decenber 23, 2003. This United
States Provisional Application is entitled METHOD FOR
CARBURI ZFNG STEEL COVPONENTS and i s i ncor porat ed
herein ref erence HE | NVENTIL ON The
present QWEW@E LLOMPQREINTS o
car buri zi ng a st eeI conponent to increase the surface
hardness of the material. Mire particularly, in one
formthe present inventive process includes

el ect r ol eCRO$S REFERENCHFORELATER ABPILIGYCEIONS a
martensitic stainless steel conponent prior to vacuum
car burygl &ﬂé’senﬁ{ exeth dilifsRAEGGRE L SURIRd S%Qte‘é‘@?owsmnal
devel ope ocessi ng conmponents forned
SipplichtearsNe 1 @é53 1,8 filad eappbdir@3t 2@03s Tt Unued)ﬂtasasde

this field the.d cty steel
dsapoar A it G E S CAR R sThE e
TOMPONEBNES bAd is ihéorpsraklHerdi®BP BlbreREL. t hat

carburizing is a process suited for hardening the

surface and sub- surface of the st eel conponent.

Car buri zing cap ] G ol;t her an

at nospheri c ca v

carburization process. I n the vacuum car buri zation

process, the conponent is heated to an el evated

t enperlRemresen) IPH‘?THIO& relates genezplhgtora Rragess forpagbusizing a steel
n

FREpURL S hofate 18 hAMEAHERS: MIbP ehiiol Mo RRELISY in

sub {emur thapeeseft inhentive pedcessainelnde electiobese aickelnplatiny thatbouter

i n the surface and.near b-surface of the coggﬂ)T nent

SUrTRGR A TP ISERIARS SLCE BOURPRISTL RHAT (VD EHBUREPE
A1tHodSh BRIPEREMvERITA Wk dValbb&T B¢ gro-r:@@slng components formed
characteri'stics of the conponent ve thus been

196 diafnlesd steol, pertaih dpplicatiomschetrnd outsider ofshis fimdd

' interi
surroyp (fuen s1ag1q and manufactute of steel components, there is often a need to

modify properties of the material. It is well recognized that carburizing is a
process suited for hardening the surface and sub-surface of the steel component.
Carburizing can be broadly considered as either an atmospheric carburization
process or a vacuum carburization process. In the vacuum carburization process,
the component is heated to an elevated temperature within a carburizing furnace,
and a carburizing gas is introduced into the environment so that carbon atoms are
diffused into the surface and sub-surface of the steel material. The carbon content
in the surface and near sub-surface of the component is increased while the carbon
content within the core of the component remains unaltered. The characteristics of
the component have thus been modified to provide a hardened outer surface
surrounding an interior core.

In response to the continued demand for new goods and services, engineers
and scientists are always seeking to enhance products through material selection

and/or process development. Stainless steel is widely utilized in many components
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In response to the continued demand for new goods and
servi ces, engineers and scientists are always seeking

wo eoosobmnce products through material sel ecti oOPCEHOS2004/036589

process devel opnment. Stainless steel is wdely
utilized in many conponentsin a vast array of

products. One stainless steel of interest is available
under the tradenanme, Pyrowear 675. A known technique
as soestareay ofiptdvuctsr Eneistaindgsststeel BYinterestiis H7a0alde npdereind

i.s to oxidize t syrface of the conponent prior to
b S O o Oy BPS TG el SRR W BB R e
B r@fddr 75 @Sﬁ?%é}ﬁ & BloRERE the s@fadidf the MRS pridr to
tenperature of 18000F for about one hour to form an

SXPORIRP the Sarburiziag envitysarent. hEha ovpperent istgeit higsted and placed

' ot carburizing.envi ronpent,, the. oxidi ze
S B b B UL R B O o AR o
nRtsarfa@. . Updh e CainBbienZ bélfg PitgER6S 1d the chrbiBziaR environment,
tenperature that the material is subjected to while in

tiheoRdizpt spctacedacihitptes Shmabserpiipn 1of garben Ay the mpterialur f ace

har dn , . r.dne ' car.bi.de
 er od afaGulibols ARCRY BEBLLLRe yRPfIR B,
sabjected ko while ihthe paibatiziag ehdebrmhnt Wil detenhidne ehe Airfacs
arpuri zation rowear 675 material is anneal ed,

t :
f?eaésemﬁ@aﬂgféz%/sﬁ Rrddmead catbigs migew uchirgoligs hardened
oREAtor theReERY I_n%@@x\?&lmétﬁ?cﬁ 8&8&&9&'@6@@? éﬁe‘i ’caﬁﬁﬂzation
thre ig. 1, there

then tenpered agal n. erence to
itlhe Pyrowsar GitSedatariplis ennchlkeds hardest, anyebledflordened, stabilized in

cayburi zi ng and rdening th rowear 675 material. .

A leeh B et B uRBo RO o ttirapg feg Tempered again.
Witk sdreRh&dtoari Bar, dRes & iRhRfatd B pi9dr 1RaCRER BYdI1& & carburizing
Pyrowear 675 conponent that was processed Wwth the

lrad hardewiag thy/Ryrewsan 675 gnaterialn Faither, withwiference heFig. Arthere

S LR RRRSEER B GRS BU 8 FATBR Eoe

pRicessati edith the hbatrticaesRncRt ffrthliRicg need, the present
I nventjon provides a novel and non-obvi ous neans for
car burWBilsdres ase magy PNARY O SSHET FRYERFINDNcSoniponentef

e RISRRNA ?%]ééivfﬁg %(gﬂtﬁ]on%f’&‘%\%mf%?%{g ?n fg%sjr%%z? %.Fﬁ;eth%%%eoo&’ this

i NCreasl ng ness of a
aedd) thespragent &pphiyergrotidad £kevel ph@bhomgbliouaineans for

carburizing steel.
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| east a portion of a surface of the steel object;
subj ecting the steel object to carburizing to allow

w@ a005067484 ons to di ffuse through the nickel pleeCT/n§2084086589

forma case portion at a depth greater than or equal
to 0.012 inches; and heat treating the steel object
after said subjecting and thé case portion having a
hardness of at |east Rc 50. One variant of the nethod
of increasing t SUNBMARS OFTHE ENEENTIONect i ncl udes
t he case portion having a hardness of at l[east Rc 50
at a depth up to about 0.090 inches. One variant of
the maphog 'tl{bcp;fr@&%'t Rehdih & eggtﬁétés Y eﬂloﬁtcﬁ%creasmg the
object ist yi ng act |nc S an ectrol ess
rhiacdoebs @frmw ®bjeGnelheancthod canﬁpmdmg mpp]ymg ofickel plating to at
i;ncreasin he hard s of a. ste obj e further
RS BRI B SpHE A Rare el obiehh SRvg Mechie 64l dbit o
dafouiRin3ad aDbwicRoR afd ol difuddahHNes | ?he%cl?el ?Ia%‘ﬁ and form a
object i's wherein the heat treating includes anneal i ng
tdage Barden alghflepth greaml thahiot hqdalita Gh@iZ insbéyded heat touiimgythe
t he he anne and.prjor to
et RSCal ) alfcPiplBhe LR REbG o BRYRGR ik &iaatolpast
®Hc 500creasi ng the hardness of a st eeI object is
wherei n the appl gl ng deposits the nickel plating
havi ndn¢ taireke{dBe mgthodiof inereasivgdhohardnesatof @ S@@b@JSCt

0 h
ABARES e R0 BB IRRR (RIS o R PRL 30 PlofBp o stoue
wWh@0anecheshe appl yi ng dep05| ts the ni ckel pl atl ng

havi ng.a t hi ckness a range, of about 0.
i nchePReoa5BBILAL ¢ ge Ogérw&?smaﬁbe Dagdness of aﬁtephénect is the

L4 id easki of a steel object is
\%Egrﬂ,g%n Ehecni;d%eglﬁ lo%mgelgg @eggl%?ésesd by stainless
st eel .Omenariaairofdhe m@fhotih)é mL'BEtalsmg tiid hardoess @f b s@el digect

I}urther 1nc§uc%s rgmoxtnrelg Ithe méke‘f platlng

One variant of the method of increasing the hardness of a steel object is
wherein the heat treating includes annealing the steel object, and which further
includes removing the nickel plating after the annealing and prior to further heat
treating acts.

One variant of the method of increasing the hardness of a steel object is
wherein the applying deposits the nickel plating having a thickness within a range
of about 0.0005 inches to about 0.0025 inches.

One variant of the method of increasing the hardness of a steel object is
wherein the applying deposits the nickel plating having a thickness within a range
of about 0.0005 inches to about 0.0015 inches.

One variant of the method of increasing the hardness of a steel object is
wherein the steel object is defined by stainless steel.

One variant of the method of increasing the hardness of a steel object is
wherein in the subjecting the carburizing includes vacuum carburizing.

One variant of the method of increasing the hardness of a steel object is

wherein the vacuum carburizing includes evacuating the carburizing atmosphere to
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wherein in the subjecting the carburizing includes
vacuum car buri zi ng. One variant of the nethod of
W0 p@seemsng t he hardness of a steel object is MMEUSI004/036589
t he vacuum car buri zi ng i ncl udes evacuating the
carburizing atnosphere toa sub-atnospheric pressure,
heatl ng the steel object to the carburi zi ng
erature, admtting carburizing gas into the
ngtilitm%phgﬂapmwhélﬁ@tlr@fdje dicalwhjertao thercatberrizingdemperature,

t..b th th tt f carbur
BB ByBRo Py &l wﬁos%ﬁge@uh%ﬁlg"wwgﬁ%‘e w8 Pl ke
Gheluig iRa6EASs WHE thalddiemns oTlcadusitg!g0Rite He dattilR6le
i ncl udes nasklng a portion of the s eel obj ect prlor
BEnesphcigpp| yi ng to prevent nickel plating on the o
t o t ho
e S e A R

\Mnem limcliides m;afsemg aQlopest off the Stedll dHj&S prist ©&he appIGngid
in the subjecting the carburizing includes vacuum

@%"Bﬁ?‘i‘lﬁkﬂg’ at%ﬁé’iﬂé]il%mfﬁo@ ﬁ%thﬁﬁkﬂe phigett he ni c kel

pl ati w%riﬂ- o

t hi ck%s? S W I ﬁﬁi&%@hﬁéﬂ é%g tg%ﬁ%ﬂ%% B €s %&ea 18

&bmrﬁ:in theODeh objacthe stmn\]!dse steel) wheeeih@athe ‘Slﬁlﬁ@dtinlgghe carburizing
teel obj ect; and_which further

d
P}F ‘I‘ 8330 annealﬁ\@? &R &N thﬁ@@? YiRg the nigke} plating is an
eﬁe&@ﬂegmc@agla@ﬁltﬁ’ %wh 23Rt GRGEn DEA g Bﬁ?&{% pg)ogﬂrﬁ:hes

One vari ant hod of 1 ncreasin ness
tﬁ abpus DSOS drishes Mhes%nwtisrleammamng el adels japndaling theneeel

O R IR A TR T
h&gto% thHe?ﬁEzﬁ'ﬂﬂ:aﬁﬁ@a&@r buri zing tenperature
out neltin One variant of the nethod of

Wi
i ncr e&uiergrieniel e mebed obinceeasing dhe lbifiusss of & statlerbienis

%nggla oﬁ}ktﬁé é%ﬂgétﬁlgqm naag%é u’cT? g%tulfrgr%laatﬁ cragbéwlzmg tempera?ure
pbo&pihdiotseryeriRtg bid PaERaNthe nfvkel Platind & @hstddighe
present invention contenplates a nethod of processing

aargv%pgm@é@turee«vﬁ&wr #e plating a surface of the
st eel RIVGaRAneYr ik AOnEY SEMCRAERS the hardness of a steel object is

wherein the nickel plating is a deposition alloy of about 96 to about 98 nickel and

about 2 to 4 percent phosphorous by weight percent.

Another form of the present invention contemplates a method of processing
a steel object, comprising: plating a surface of the steel object with an electroless
nickel material; heating the steel object to a carburizing temperature; subjecting the
steel object to carburizing wherein carbon atoms diffuse through the plating and
form a hardened case region; and removing at least a portion of the electroless
nickel material after said subjecting.

One variant of the method of processing a steel object further includes
performing post thermal operations after the removing.

One variant of the method of processing a steel object further includes
annealing the steel object after the subjecting, and which further includes

performing post thermal cycles after the annealing.
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ni ckel material; heating the steel object to a
carburizing tenperature; subjecting the steel object

W@ 200861369 i zi ng wherein carbon atons di ffuse tPCDUV04/036589

the plating and form a hardened case regi on; and
renoving at |east a portion of the el ectrol ess nickel
material after said subjectitg. One variant of the
nmet hod of processing a steel object further includes
per f oiQriengripotsdf théimethmid of prrcatsingwsstedltoblect sevireeein vieng.
. variant of the nethod of praocessi a steel object
PlHink ap s et nS arikrig e BaED Gaich S oftviy £ ek o
WO DAO008AnciRB % ¥hHu€ 0.009% Iegés. i ncl udes perform ng post
thermal cycles after the annealing. One variant of the

met ho@nsfvapanicdslé mgthadof preicessirjorstedl objeetisevherdinghe steel

ti.n eposits.the el ectroless nickel terial to a
Pk RS SRR b ey R R R M6 G PR LS B
abaitig HavH@2DthidkebRSwitt N finga bf @dhut 00005 ehched adof0.0015
processing a steel object is wherein the steel object

iachgs; thigthfusthsr mcg@les angealing the steel phieatiafigr the subjeginign F]Vzhich
T BUNES el inl STHEA BRIRE AR Y b ), GERESrilbe C.

witilwdes fabilizéng the clecldsigecaafi@ahé hgdediagsindelhiobfigther includes

after the subjecting; which further includes hardening
ferepegingdhe %B‘flé@ﬂecéﬁfg@rth‘i Hebii@Rgal i ng; which further
inclu aly ez i - ohj

har degji?%g;;%Il glkrpltd&ft %%%t}#)g‘r%tf E%?Sgs}lr%lbdusggés} Ot% &%’S@F %“ﬁgs tthﬁe
bawlehedodsse oigiaf having mbardtabiof atdeasy RcGbat walepthrgreaddr thareor
net hod E rocessing a steel object includes the
ﬁg‘}a&g%%-g %i)&cg‘e?'egi on having a hardness of at |east Rc

50 at cpedanhit (ﬁ&ﬁ@ﬁl@fhoﬁ ng%ofeéssﬁ@%teél SbRcPhdluldBeies.

One variant of the netho processing a steel object

haslenafesnse regidnahayargeahaodesss pbafiloast RaiOrg adepthratentershaf or
Sl 50 e B SR Bl Pon o cal te,
of t hengrbahast Ffthdmenes sf pecassifcapitedd BbREt is wheYdiR Eihe
IsSbjécrt]i(relg the carburizing occurring at a carburizing temperature above ambient
temperature, and wherein the nickel plating can withstand the carburizing
temperature without melting.

One variant of the method of processing a steel object is wherein the nickel
plating is a deposition alloy of about 96 to about 98 percent nickel and about 2 to 4
percent phosphorous by weight percent, and wherein the carburizing is a vacuum
carburizing.

One variant of the method of processing a steel object includes changing
the carbide structure within the hardened case region by adjusting the thickness of
the plating.

One variant of the method of processing a steel object is wherein the

plating includes selecting the thickness of the nickel material to select the carbide

formation in the case region.
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subj ecting the carburizing occurring at a carburizing
t enper at ure above anbi ent tenperature, and wherein the

WO R@EOE74pd at i ng can wit hstand the carburi zi ng PCT/US2004/036589

tenperature without nelting. One variant of the nethod
of processing a steel object is wherein the nicke
plating is a deposition all 09 of about 96 to about 98
percent nickel and about 2 to 4 percent phosphorous by
wei g htOrmevau:iamt Qf tharohethlodrod ipmqekséeng:mtb@lrdbjeicn@rﬂsr i:ncludes

vac varl an e net ho
SPORTE My Wclfesth oo hEPt S RamaT pyof HEPides in the
Q:aéebxlegﬁmsérfd%‘lﬁéﬂéﬁ tMd §t9élrbb;&€1sff6ﬁﬂl§ﬂ§f@tdiﬁ§% di&gi on by

adj usting the thickness of the plating. One variant of
t he we%ﬂﬁﬂ@trécbmp@ﬁbe@msw inventien conbinplatesi assmethed epmptisieg:

PeoeePd s SERRRSHRICLANACE 4 R FER Ppien Sl sees

(@O Orpldoney ta bbbt widhintahBedahidgichodbinBf O P&wicOtin thE eel
object further includes controlling the thickness in

eREirpmagnt fethinthe gpachanicalheusing kmne sWnateTosphatisi pressuten (d )
|
OREARE B o AU TR R R R o

|1m(aimbnxgra @enireiny gk éstoahemtiadicabinqusingi foga figst peiod of time;
@ ing an el ectrol ess ni ckel %I ating to a surface on
2 51‘%‘? gééyag%u@éw%} g fuechanical hgpsing {4 asperngldjesiod of time;

%Hﬁgﬁregeﬁﬁl%%ﬁ'(%aﬂ EPP%ﬁ%aht oP egvacuating the

envi ronment wthin t ousing to a
sub- atOnesatientiaf apnebsdipfthe (prcael)t 1h€mlt1|on durthree imdhjdes tremoving

ithin the mechanical housing to a carburizing
m%%‘égeétppﬂ%é‘g aﬁﬁ%ﬂff?w{?%uc. ng a carburizing gas into
the mﬁ%gﬁlofa%@hwof Ok ?esExhtﬁﬁ%nﬁ@ﬁ iF@ehe? indlid®R a Ifosﬂ‘

drawi ng a vacuum wi th tp he nmechani cal housi ng for

sabyrgng epssoe diffusipract aétnﬂ the rgpeREp@ tat ¢nabledbe sarpor atoms %o

I|t of times. One variant of a method of
%hf%us)erf@ggeﬁ |rt1}%/ee (5n further includes renoving the

nic ke|0rﬁ|vahhﬁtg>f afrhéthod BEthe @RR&tifkntion is wherein the drawing
commencing upon the beginning of the introducing act.

One variant of a method of the present invention further includes annealing
the object after act (g); which further includes removing the nickel plating after the
annealing; which farther includes hardening the object after the annealing; which
further includes cooling the object to a temperature below room temperature after
the hardening; and which further includes tempering the object after the cooling.

One variant of a method of the present invention is wherein the applying
deposits the nickel plating having a thickness within a range of about 0.0005
inches to about 0.0015 inches, and wherein the steel object having a hardened case
region with a hardness of at least Rc 50 at a depth greater than or equal to about
0.012 inches.

One variant of a method of the present invention is wherein the steel object
having a hardened case region with a hardness of at least Rc 50 at a depth up to
about 0.090 inches.
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One variant of a nethod of the present invention
further includes a post carburizing passive diffusion

wa@ewsaé4er the repeating to enabl e the carbon BEDOS20040036589

di ffuse further into the object. One variant of a

met hod of the present invention is wherein the draw ng
comrenci ng upon the beginni nZ; of the introducing act.
One variant of a nmethod of the present invention

f ur t hefmoither Vadeg ofiameeditddny thpreedit éntentibn Srwhesein (g heating

ﬁhifl ﬁ%&%”%ﬁ%ﬁ%%%ﬁ%%% B PO e wef £ St v
?bs@fat 18ifol i S ARBNEFk 0 B Bavink b Gllickitst Wethid Hedngdles

coo he object to a tenperature bel ow room
ﬁb@iﬁék riechgs tceatbquh@ 02 thehésn gfhemdthmwacruatmg tchasub-

i bj t
A S A R e T
whalteind nihige pRRertinie tteRawideshe Betonl pkgbd of tﬁhé Dbout four
havi ng a _thickness within a range of about 0.0005

HBRes apd vihseir the soernd nered e tln@mnmmmgnwhm@agi eel

ardness
L S T S e R
ab out CheGhZAantrufhasethédhef thapiesert 1@‘fen&0mi§ Wademfthé hiekel
esent invention is wherein the steel object havin

B 188 it depesiionglpy A Hrouh 96 tahoyh 88 gergentickebangd ah%l?%g) 4
{
rc@ntﬂﬁgg}g}o?&h s \?%gllﬁ rﬁepﬁeﬁg gﬂéti P@EF&F‘% &f\%ﬁ:‘gfb@hm % b APLrafie is
helaw thg ntedtirgg pcemmfrtlaﬁ nickelpldtingn a range of about 1600

OF bout. 0 OF th | yi
ani { o e RPERBIol datttho ShE pigerl v ERt wed Bpni e
Heue cafbidbticulle AHR the ﬁﬁ%@né@ca@@%gﬁorpo}QQg‘t?stfn@(iﬁ@ﬁmckness

wherei n the evacuating to a subat nospher’i c of about
pbibeplatiigr.ein in the introduci ng the first perlod of
time is _about the

t ocon eIl BASHha ) Ghe ARSER iychBigh Rigt B

vherdlife theehisReRO6f Behickel Slhtitgd (R 0aRETEE CoritheN cABidds
i ntroduci ng begi ns; and wherein the repeating

selbacpseigeiPer 520 ti nes.
Yet another form of the present invention contemplates an apparatus

comprising: a steel body having a hardened carburized case portion and a core
portion, wherein said case portion has a hardness of at least Rc 50 and is
substantially free of continuous phase grain boundary carbides.

One variant of an apparatus of the present invention is wherein the steel
body is formed of a stainless steel.

One variant of an apparatus of the present invention is wherein the stainless
steel having a nominal chemical composition in weight percent of chromium (Cr)
13%; nickel (Ni) 2.85%; molybdenum (Mo) 1.8%; cobalt (Co) 5.3%; magnanese
(Mn) 0.7%; vanadium (V) 0.6%; and the balance iron (Fe).

One variant of an apparatus of the present invention is wherein the case
portion has a hardness of Rc 50 to a depth greater than or equal to 0.012 inches.

One variant of an apparatus of the present invention is wherein the case

portion has a hardness of Rc 50 to a depth up to about 0.090 inches.
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W@bwaneR69 t o about 98 percent ni ckel

One variant of a nmethod of the present invention is
wherein the nickel plating is a deposition alloy of
and about PCT/US2044/036589
per cent phosphorous by wei ght percent, and wherein the
carburizing tenperature is below the nelting point of
the nickel plating. One vari &nt of a nethod of the
present invention includes adjusting the desired

car bi denestariaot off am apiptutaius of He fresedemedntiasie whegdin thelpse

adj ust.i t he thi.ckness. of the ating.. One variant
quhéor},gg{:nllﬁxg%s e'flﬂgolrﬁ]?%élé?ﬁrsqdrﬁ%ﬁ‘%qspn further includes
cont r abdd Vigiaht\¥ dnMtippkRRE D1 Be FrERnMinGk@lonPk SHeRGn HR steel
control the formation of carbides in the case region.

Yoy aniormed of ostainddss sleel avimgarmoniinsleheingal conpesipdmsines

A BRI R TB LT (10 B, B DA e B gBm )
W% £60baB ACE) £3%E n@hhnedd (VIAS0. 2% dhsHIQSSE (9 035;| Bashe

Rc. 50 and is substantially free of continuous phase
drelange Bow iear 3ndouheseiadbe casp potiign hane hadneys mpfilsrsabsyiantially

of; sétf}grtﬁ’?rﬁ@&n invention is wherein the steel body is
formed of a®stainless steel. One variant of an

appar ddnesvapibnt dfenppeaanis of thegnéseAtinventidhek &ihdrdif e steel
ﬁqgly\g(% ess steel having a nom nal chem cal conposition

i ITHRS P Qlehgeas And A FYRPRNENE 63 Toildng cleimentdiearing.)

2. 8530 ok oB . AR i fh 9vHle
magnanese (vn) O. 7a/ vanél)d?{?lj:r]%q%éle %.VéGA; 5?3%5?%1 the steel
lpdjeahisa stainipss(ftee)] andwherear thanorradfioraresappae af the stfinledsateel

o ti. [ .ei t ti, h
Pl Bicieeh BYSSRRtERy beeruR it GraumEl SR cqual to
0. 012 Ydpah®ber fORR of id ;ﬁéﬁenﬁ%v?ﬁioﬁ%ﬁfeﬁiﬁl‘aﬁe@ﬁn iffaratus

present invention is wherein the case portion has a
leamireisg: pftairtessgieeldody heying a hprdenederoburideese having a

B SR o R BRSO oSl B o

uni f ol0HeyWadlbRA 8 @Gp &AL bfl 8% present invention is wherein the stainless
steel having a nominal chemical composition in weight percent of chromium (Cr)
13%; nickel (Ni) 2.85%; molybdenum (Mo) 1.8%; cobalt (Co) 5.3%; magnanese
(Mn) 0.7%; vanadium (V) 0.6%; and the balance iron (Fe); and wherein said case
has a hardness profile substantially as set forth in Fig. 6.

One variant of an apparatus of the present invention is wherein the case has
a hardness of at least Rc 50 to a depth up to about 0.090 inches.

One variant of an apparatus of the present invention is wherein the
corrosion resistance of the stainless steel has not been substantially degraded in the
hardened carburized case.

One form of the present invention contemplates a unique process for
carburizing a steel component.

Related objects and advantages of the present invention will be apparent

from the following description.
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One variant of an apparatus of the present invention
is wherein the steel body is fornmed of a stainless

w@@eleaeyi ng a nom nal chem cal conposition i PCTERYNL/036589

percent of chromium (Cr) 13%nickel (N) 2.85%

nol ybdenum (Mo) 1.8% cobalt (Co) 5.3% magnanese (Vh)
0. 7% vanadium (V) 0.6% and?t he bal ance iron (Fe);
and wherein the case portion has a hardness profile
subst anti al | y BRIEE(DESCREPTION QF THE DRAVANGS't of
an apparatus of the present invention is wherein the
steel body form ng one of a gear and a conponent of a
rol |i rrgg el i6 ARide-RAPEIATe pfol SIldaliAh pAbr At BPRANBIYS:
of the present invention is wherein Phe steel oDbject
icarbyrigingiand derlening Byraxredr GAdBr ei n t he corrosi on

resi stance of the stainless steel has not been
substantially degraded in the carburized case portion.

Yet armrg. eilludtid® aHarddtes ProBiseot a PYvSehl 675 GHPoRBR tRiteSs
an apparatus conpri Si stai nl ess steel body having

ng: a
deerneabHegd@ad beatitaigd %aélae ksl iragf caclgept ferthrieBted- t han
or equal to 0.012 inches and a hardness greater than
Rc 60. One variant of an apparatus of the present
I nventfigraiisa wheogiaph tlhstratigg the @ysovedae 65 bavifigedand

n%‘rjl&na(L%(i:hem cal conposition in weight percent of )
OATds AT L qresiuchsepvithputusing the )HC§¢18%@% SrgripeRRIE DR ybprior
o 8¥humgApal t (Co) 5.3% magnanese (M) 0.7% vanadi um

(V) 0.6%  and the balance iron (Fe); and wherein said
case has a hardness profile substantially as set forth

in Fi .. One variant. of an apparatus of the present
inven?ﬁ%?f’lﬁgna}?ﬂ% M URe2RL8E has a hardness of at

|l east Rc 50 to a depth up to about 0.090 inches. One
variant of an apparatus of the present invention is
wher eifig. tiea paitiady frogmenisil yiexneln wilingwementibehisg
steel has not been substantially degraded in the

har dened carburized case. One formof the present

| NVeNFiQ3 iS @ BtoeEBdctibeS vew BF G ButRF BGEIHS rAlthat has been

processed by one form of the present invention.

Fig. 5ais a schematic representation of the electroless nickel plating layer

applied to the steel component.

Fig. 6 is a plot illustrating hardness (HRC) versus case depth for a
Pyrowear 675 component having a nickel plating thickness of .001 inches prior to

carburizing.

Fig. 7 is a micrograph illustrating the Pyrowear 675 carburized and
hardened microstructure obtained using the nickel plating surface preparation prior

to carburizing.



carburizing a steel conponent. Rel ated objects and
advant ages of the present invention will be apparent

WO e@s0613ed f ol | ow ng descri ption. BRI EF DESCRI PTP@MUEI04/036589
THE DRAWNGS Fig. 1 is a tinme-tenperature plot
illustrating a prior heat treat cycle for carburizing
and hardeni ng Pyrowear 675. 15 g. 2 illustrates a
har dness profile of a Pyrowear 675 conponent that has
been daguisiazegregiephhidastrating shecltyrbwe e Shoaatturized atd

t forth | lg.. 1. Fig.. LS. ' h. .
s Bed St Byl e e sk ol e s e eiraprr
b eadELFMEL Ure Wit hout using the nickel plating

surface preparation prior to carburizing. Fig. 3 is an
illustration of a gear set. Fig. 4 is a partially

f ] . view of ol I b i ng.. Fi
<0 arb s bt b DR 0P B R e R et dartnea

trhiafoshiaquitegitr phREss el By ned ©rnele HRGidePsaihg.
invention. Fig. 5a is a schematic representation o

the electroless nickel plating |ayer applied to the
steel conponent. Fig. 6 is a plot illustrating

har dness (HRC) versus case depth for a Pyrowear 675
conponent having a nickel plating thickness of .001
inches prior to carburizing. Fig. 7 is a mcrograph
illustrating the Pyrowear 675 carburized and hardened
m crostructure obtained using the nickel plating
surface preparation prior to carburizing.Fig. 8 is a
m crograph illustrating the Pyrowear 675 carburized
and hardened m crostructure obtained using the nicke
pl ati ng surface preparation prior to carburizing. Fig.
9 is a mcrograph illustrating the Pyrowear 675
carburized, hardened
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WERBSDSMENTS For

m crostructure after annealing and grit blasted to
renove the nickel plating. DESCRI PTI ON OF THE PREFERRED
pur poses of pronoting an undePGL/EHSDDHOBR6589
of the principles of the invention, reference will now
be made to the enbodinents i|llustrated in the draw ngs
and specific | anguage w || bd used to describe the
same. It will neverthel ess be understood that no

i m t at DESCRIFEEON 3 § 1 PREFERREBEMiB OBIVENED Y

i ntended, such alterations and further nodifications
in the illustrated device, and such further

appl i G&k b ﬂlgy%sé%fof Sting s Bl et Aldirdete thé‘ﬁ!@l'i&ﬂ)l@@oﬁt%e
illustrated therein being contenplated as woul

ABYaREPRyeistange wikh nowebesRadel te ¢he embddements 1lhatrat¢dmm thehe

rel St eel,s, can car. i zed a
AR Y SRRk i R TS RS SRR BE R it ¢ nan
tnBeerteless bd\ifderstosd @Rt n€ BRitalidH HOhe BécoPpBiod Md iSivention is
carburized, the carbon can unite with the chrom um and

el einiendedvisueh dlaraions andfyrther medificarions mﬂh@:ﬂh@mtgdn
_CP‘%W% da‘ﬁdgﬁcﬂ R&t?lexg cht%hs C tl-gs' JJn%lg)g ofttﬁc{%%f:ﬁté i &% 1},1%strated

chrom um ca s can part

ghesxem beigredateigated as '#vonlmmnﬁaim bazuptdSone&iRdah @[bgart to
i rQ q%raln boun aries. This network will weaken the
1&} Slm‘feﬁtl?lh@ %t%(sse because the continuous phase

al ong & Ghden gﬂ}] i -&étr{ﬁh 1B Bevela Lk Wﬂﬁase eas

more easily crac I's conti nuous
hagheeshias the dofre. cWPh@maLsmel: eontaidieg chroenismels Icamldzed the carbon

Kt o SRRy P B by e e s g of

CRfnShAGebiddEd | ﬁltdi %l%&ﬂﬁ@iﬂf&eﬂ t8mpe@iuréd eﬂfe dbfomium
illustrated a m crograph showi ng one formof chrom um

@afrbltﬂed e8n p@fl@lﬂ)@ﬁemt alcthe iron grain h@urgilaaﬁmarbkf@nnarqoasnmqus a

ﬁ%s%ealon “iro angl ot mdaxge T‘éont gv{}%t% Sl? ﬁ‘lg?\gaq[ex:rﬂén the

ememm qwdajn@iﬁﬁo usiasd Aomede |gfh1ﬁbb1ﬁ{cﬁﬁe§w1113nﬂﬁ§l itibitte
conti nuous phase alon t he grain boundaries of the

PROMoFRpAsHY REACKaLINRR §rThisoRRSUQSH PhHe GhA boh ikt Ifghgomium
REBYdeQ Y %}%{h&ﬁ%ﬁ%ﬁﬂﬂ dlypetrgéﬁ \g’l{h%lp theWo%ﬁBg &a&et}%l is not

ori gl na
mechanically degraded and may have enhanced wear resistance.

With reference to Fig. 2a, there is illustrated a micrograph showing one
form of chromium carbides participated out at the grain boundaries in a large size
and forming a continuous phase along the iron grain boundary in a piece of
Pyrowear 675. The chromium carbides when formed in a large size and in a
continuous phase along :che grain boundaries of the iron depletes the iron matrix of
chromium that was previously in solution in the iron. Without the original amount
of chromium in solution in the iron, the steel’s corrosion resistance is degraded. If
fine uniformly distributed carbides exist, this condition has less effect upon the
corrosion resistance of the steel than a condition of large carbides with a network
in the iron’s grain boundaries.

The inventors in the present application find that the carburizing of

chromium containing steels with a nickel plating on the surface, facilitates the
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of chromumin solution in the iron, the steel's
corrosion resistance is degraded. If fine uniformy

waele®boétaed ed car bi des exist, this condition haRCT/ESH04/036589

ef fect upon the corrosion resistance of the steel than
a condition of large carbides with a network in the
iron's grain boundaries. ThdZi nventors in the pr esent
application find that the carburizing of chrom um
d'rffllsa)'rmfwgﬂmnedtfﬁn Wict sheeh Wtiltlhoktelbrrpjngtlhngg camhideb@or a

face, facilit tes t hedi ff usi on ca bon iLthin the

SOnUOs PRASE T FEPIER T SR iR P e Bl in
BRAsEsel afAicRislERava IOl thi&hey dintdRGBNHA FhiEtioff bE Ezﬁ%fdes
the inventors in the present "application have found
thacarbeging amcc@rhyr@mtroﬂmgftber firetkiness afthecmickd! gdegingn Imone
carbu | roc I|n t he .t hickne
ER Rk g PRt s Rl st £dhsedien TESRE R GRon
t&biRS bG8 thibfer hadkel FlaGRSR uilikéd. SKmbaRr APl it is desired
carbides and a thinner nickel plating is ut|I|zed I n

Emlervedineyppioraln dignersed cabidegetben.adhickerrigkel platiag is utilized.

uni fowitﬁ/r %r?ﬁl[%rtﬁ%gg C‘D’V\F}{é ﬁ? us&)g%ﬁag%gxt |tgb%1§,l£]4 ﬁég%ar 11

pl ating erence
bsd 121 ”;msé p&ireet 1@ ig @&fel}SﬂBIﬁlstlzﬁlvlenﬁidid in6gingRded dblbeAnditihg.
The gear set 10 is purely illustrative, and is not

The efegent inyenfgn Pprﬁﬁmphgﬂs amigeess tabistapphicabla fodise on any type
e
O A RS R e itk b (AL AR g ReliS APl be
tidsﬁenb@dam detail bolpe, the posent.dessiptioh lwileetdesth ralph’)mﬂass for
ai.l. bel ow, the resent escription w ElortH
HBRERE A SPPRReN of BYTIGN 41 rfﬁaweﬂ?nto%u%af PRt mieAlaS
g@ﬁpoﬂﬁ‘@fumc%%ﬁn 88 ubllifedti a vdriEty 6 ty b& &%ﬁa&@maﬁ hﬁ‘cludmg but
process can be utilized on a varle y of ty

neitlanited to, wnongllmmtnlgalbuCom@mtlbnahptrecasste@ nwyohgmfter machine

S, RN LA R T v bt

hvarfsed thaciese a.nﬁrdeﬁgcﬂ o8 r&8bRVHbREVEUhE deRehtNAVenlidt Also
a hardened case regi on. However, the present i nvention

g@niempleies élab Ithe eosmponant manalsoneidwanachingd afeshederdeping
Egﬁ“jﬁgp after the hardening techniques. Referring to
there is illustrated a rolling el enent bearing

13. TReferring to Fig. 4, there is illustrated a rolling element bearing 13. The
rolling element bearing 13 illustrated in Fig. 4 is a ball bearing type rolling element
bearing; however, other types of rolling element bearing, including, but not limited
to, roller and tapered roller bearings, are contemplated herein. Bearing 13 includes
an outer bearing race 14, inner bearing race 15, a cage 16, and a plurality of ball
bearings 17. The bearing 13 in Fig. 4 can be a hybrid or completely metallic
system. In one form, bearing 13 is formed of a material that is compatible with the
process for carburizing the entire component or portions of the component as set
forth below. The present invention finds application with any type of part,
component and/or article and is not limited in anyway to gears or bearings.

With reference to Fig. 5, there is illustrated an enlarged cross-sectional
view of the outer bearing race 14 that has been subjected to a carburizing process

of the present invention. The outer bearing race 14 includes a case portion 20 and
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rolling elenment bearing 13 illustrated in Fig. 4 is a
bal | bearing type rolling el enent bearing; however,

wordenedypes of rolling el ement bearing, incluPCHyS2004/036589

not limted to, roller and tapered roller bearings,

are contenpl ated herein. Bearing 13 includes an outer
bearing race 14, inner bearilﬁg race 15, a cage 16, and
a plurality of ball bearings 17. The bearing 13 in

Ricgre pbridem2heThe basepodicnr20de figriret! dlyyheredrhiitiziog pyestwsmf the
In one form Dbeari 13 i s fornmed of materi al tha
EesE T uHigh a0 R PR L LT ghet oL s RS rigop AL I one
EbYin 6Bthe ?fm&&qmerﬁbnw dakOPSrtith withehFAMRORER e REHRES0
forth below. The present invention finds application

vkiendiagyo & depth @reaternthan abonp@Abhinchesd/lora paefierred éoraniticicase

limted jn a t rs or bhearings. Wth
3o e & St g et R 857 Pl SF R BT Pt af g
OrodssngRs td svak .000eMcHRE bélbe thelbi8Fach SR HeN@niBent1 4TRat
has been subjected to a carburizing process of the

prissesstwithiy die Gasmportiea valldegrease drann hersaeface W the eprgd 8¥ith
.t i . ad i T
RIERIG, P35k, € A IR EoRREL AR G B8 St

Pyssenat 67 huatiiabthaghsh beas cirbudiedssd hasrhed utilidng bfeform of
of the core portion 21. In one form.of the present

A RSERENbI VEMETe W esF 1 the Rresint APIiGAH e §QnteryPlates oghes case

Uﬁ‘?th?%@ﬁ%ﬁ&g&nﬂ}dtig’ nét dﬂ%ggérl% tt%p])gq{é@geéf tggllri'? I@dggffﬁggaxgﬁl%s

inches. In a preferre
haleshpssifiofllnstated & be HRited thekatoa case depth within a
i nches. to

f about .012 bout .. 090 i h bel
the s IRF BESCTca RS 2ME RIBTSHIS PPREPOloH HeGEm olf FiRiAIFSt Rige!

GG al0 _[ﬂcihﬁﬁn%’\férﬂetig,%éx@iﬁ§ﬁc hrOMstdiGic il ae F@iteRahe
core. Wth retference to Fi here is illustrated a

. 6, t
present gArbEZ Mg s ecesiRG apglicab%t@ ottep type of sigelPypatenidsrin@asore

eri th has been carburi zed. and hardened, .
BT ttonh o ind138sanf e Rt bl R RER SREE Spiploss steet
khevpbg gRNttadepRhe, FAbWEar 6751 Bihahes7 PisRefinleaseelRRliNSthe
and harnesses and is not intended to be limted to the

ploviing pominghphearicalforpesisipe i Weight Pyycantackigmienier) 13%;
L 0,055 AR RS T O )10 PRl S
0176%; welhadjuh&V) O16%; andethé balsiceii®naPe). While e freferred

gr‘;%g iirnaelnfc’s'willzlubretd%géribetd vsith specific reference to articles made of stainless
steel, such descriptions are exemplary in nature and should not be construed in a
limiting sense unless specifically provided to the contrary.

The present method of forming a case portion in the component includes
subjecting the outer surface of the component to a surface preparation act prior to
subjecting the component to the carburizing environment. Carburization in general
includes subjecting the component to an environment wherein carbon atoms can be
diffused into the material through the outer surface of the component. Carburizing
as utilized herein includes any type of carburization including but not limited to
atmospheric and/or vacuum. In the present process nickel plating is deposited onto

the external surface of the component prior to the component being subjected to

the carburizing environment. The nickel plating can be applied by electroless
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present carburizing process is applicable to other
types of steel materials, In a nore preferred form of

W0 b@sperseent i nvention the material is a martiPGI/UBIM04/036589

stai nl ess steel known by the tradenane, Pyrowear 675.
Pyrowear 675 is stainless steel having the follow ng
nom nal chem cal conpositi ot n wei ght percent:
chromium (Cr) 13% nickel (Ni) 2.85% nolybdenum (M)
hickeh ple‘rtimhgblt an( ledtropl B (gagaae)dsahn{dve) The Pgsemamactissim

E\Qé?féP ﬂ%ﬁ%@tarfﬁgﬁa#gﬁﬁél [Egatl&é %966%\/\351{3&%%8&@9%&8

cREBIcANG Rt QcRhlic h%ﬁel‘"iﬁﬁ?n OfR18dtAj1dRk %ﬁ)‘keﬁélﬁ@ﬁ% 1S%Ltﬁgcess to
descriptions aré exenplary 1n nature and shoul d not be

depssitradsgosition alloyof nipkel besedarpan Hheswiadyiaciefliaiminl of nickel

prov d to th rar esent ne

SR rEE ol bt B s otpordil. ThFESRRstS! RoFedig e
élbbtrsmd ekl pEatO1ats8Ekedinh hagemrhl Hibkel GRS MM intddé to
surface pregaratlon act prior_to subjecting the

éw@r@éiﬁ)pom of the ntcgpb@gppglpﬁg aldox/ having e egsire th1ckness onto the
gﬂ{ep Mrf ?%% B éoﬁlé%\?/lglﬁr %heh{f&alllﬁgﬁgl Iﬁ%’lée]% ttllxgl agf: Lead IIX an

nponen 0 an ronmen erein C

laeaﬁhlbfef fusadhéemical supplyieduees, ahd by ety Elntab& fout@ming an
surface of the conp onent Carburizing as utilized

RlsrEplgss Helel é@@osgﬁyl 3llpy copng-en HeRmpenenbis spiidMicRgrmit
BHberR trhdeThing ‘ihb?adaf%lo 911? &L foq‘mad'fqgé)% re¥éht W&tl&{] tl‘i{:

present process nicke ating i1s osited ontd
ehetrmnaiahclmh piatiog beth it en aianmnpﬁ‘amrqaoﬂ about B83°freto about 190°

onent [ ubj ected to the carburi
oIS B rsoa Hhe B bt Sretrrialic Sl Bbted e e gargigutar
611&&1’6510111@%‘& Plaﬁhg lhafhl a"i‘lﬁ'télﬁ Qhtudd 8 Bfh %@fé‘x@ﬁﬂ@&her chemical
gal vani c) techni que. present process preferably

mqkb]l plating bﬁéhseaﬁéd@mptl‘@@@eﬂﬂr@ Rfmterpplatqdrhgrqmm ocess, V\/n i ch

I kn C or Cc_nick
o ari R RS0 SUEFEC Ry aide RUbRIE R sy € $Byeiom of
depesiponéntdffleding i niskd] platiak 14iee EE'Wlﬁé‘l§ R&h BHRARepdRted onto
catal ytic reduction of nickel ions on the outer

thersugface it ofthe C@@ﬁ%’éﬁrﬁ’énﬁg imls‘e mﬁa&% an ijustiedempl/ibe chse
ﬁbl%%}l beltﬁft%\llﬁ'b% {rﬁ&i o I eré%'?ha%e SP g‘l@ﬁ)g'gse{lt Rjpeess.

ve a

The dmmlk@ket (ﬂ@}d@fﬂ Fiigofa lalnbo&ra{wa\w Behl@aittEss ipk®ddddiockoe ke
onto t he outer surface of the conponent. Chem cal
lative| L ocaqu ioh éheﬁg@lﬁ:é pPitiag Jaysgen She component. The th1ckness ‘t” of

the electroless nickel plating layer 22 will depend on the deposition rate associated
with the chemical nickel bath and the length of time that the component is
subjected to the chemical bath. A property associated with electroless nickel
plating is the ability to cover the surface with a uniform thickness of nickel
deposition alloy. However, in one form of the present invention, a portion of the
outer surface 30 has been masked/coated with a Paraffin material to prevent the
deposition of the nickel alloy coating on this portion of the outer surface. The
prevention of the nickel plating on the portion of outer surface 30 substantially
eliminates the ability for case hardening to occur as desired by the present process.
In one form of the present invention, the desired electroless nickel plating is

a deposition alloy of about 85 to 98 percent nickel (Ni) and about 2 to 15 percent
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avai |l abl e from chem cal supply houses, and one bath
suitable for formng an el ectrol ess nickel deposition

wW@bkdospément i ng on a conponent is sold by MDerpPeT/Us200€036589

the tradenane NNClad 724. In one formof the present

i nvention, the chem cal nickel plating bath is run at

a tenperature of about 185F %o about 190 F. It is

understood that the present application is not limted

tphosmxerqmlblyivmﬂglﬁrperdeﬂm lnal prﬁﬁeﬁk@ forpl, & eﬂg:tim&ﬁsh nivkel plating
eratures set fort her nd ot her

ﬁ% 2 arosmoa@flﬂzg %3%‘%%% Og %P‘EFF%@ né“rkél @M@M% gdo8

If)%fc%hﬂ)ho\ligﬁcﬁ‘o15 Qf}ﬁ{x& Htepetr&nﬁ hﬁl Findre npﬁ%%enteﬁ 6150, tRe electroless

'Tustrated an trative portio he cdnponent
mnddehplratmg ishelepogiied alidyatfi abgul HWyero82Rrcenhnickel(AB) deletbout
urfa e 30 of _the

ted ant th
OB el eat s Bt By P REE pefberin b Phe faniBs deryialess ickel
B Wit ciags oW TTRA) A0\t doB: 6 B0BIELRLNG JBORTRYDs

the present process. The d Faw ng set forth in Fig.
|11g:hﬁs>t Mweapm eraply.ghe thickmdss ‘¢ 1pmothndedarlgo of hlgaut DHWOS 1nches

el foth I

S AR TS SRbeL ARl B g e 67 SprReens o Rl B s WPt B e
mrhaiunm Garb@yziﬁg &211 Efdféralﬁi‘? Pansla pRtih B ehicleRes itt WaRinAdafge of
associated with t chem cal nickeél bath and the

RBeg 095 inghee tq shout 0812 Bspem dleweergibjradeketiplating he
%BS@&%@R hat an@?B@%H%%%X associ ated with el ectrol ess
I ¢

pl ati ity to cover the surface

with &he I’()b]fnpblliﬁrﬂt havikg efesnicife] platikglcostipas pIalc@mwﬁhinQy
in one formof the present invention,

ﬁ%%i\f/lg‘hgé‘f‘mﬁ‘??eaf@di“éﬁedé% F@ﬁ@@@l%@%@@@%&k@@ﬁ@%p&&w
}erkésgmqn{aﬁheg{t’j@ cmg&{énﬁkorh@d Bﬁﬁl\é%%m%&est&? ?91%&(439@791‘3

he nic oy coating on t ortion of “the oute
haattf:@tnea teﬁiperqure\mﬁnm the rarﬁget dfabnmtc]lé@[) ° i tatabowgg 1600 e and

rtio r surface su t' |1y elimnates

i oty % b eradiruat bt 3D o ch epdtifepaliop
bhSutr 368 tweﬁ)glﬁ ?@ﬁ%ﬂt pHds oﬁsq{a@beén th8d @ﬁﬁa%fen(;f ,
invention, the desired el ectroless nickel plating is a

sathsiending theal 450y Fufaﬂabwmg ®Bipertgs vptovemelting chasplaing. )
a0 20 3PS SRR el it o
Bll 8 pep of LabaiZhebR @tddems @{cmungnf)utab@uhn@& tAbRUhmIhdiR
98 percent_nickel (N) and about 2 to
atmospheric. The preferred carburizing process is a Vacuum carburizing process in
which the carburizing gas is introduced into the carburizing furnace to allow
carbon atoms to diffuse through the outer surface of the component and develop
the case portion. In one form the carburizing gas is defined by propane, however
other carburizing gases are contemplated herein, including but not limited to
Methane, Acetylene, and combinations of these gases. As will be understood by
one of ordinary skill in the art, the length of time and the temperature at which the
carbon atoms diffuse into the Pyrowear 675 will determine the surface hardness,
case hardness profile, and carbide type, size and distribution in the case portion.
In one form the vacuum carburizing process includes the following cycle.

The environment within the carburizing furnace was evacuated to a sub-

atmospheric pressure. The temperature of the component is raised to the desired
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percent phosphorous by weight percent. In a nore
preferred form the electroless nickel plating is a

waeleemsson al | oy of about 96 to 98 percent niBKEUSIONSY36589

and about 2 to 4 percent phosphorous by wei ght

percent. In one formthe electrol ess nickel plating
has a thickness 't' within al% ange of about 0.0005

i nches to about 0.0025 inches. Mre preferably, the

t Ritucivarsstemperatuge ay ﬁﬂdlng heatamgeh@cfarbmmng ﬁlrmz@ﬁ&nd tehes

001 rowear onent
B PeHlre BBl ol B ot o2 R Bt RSP Criburizing
preéek.althyrelirpet Qzaﬂ)lﬁizﬂig i i$ RRikRe Bifto the ch‘é‘xﬂb@f for @ JeABYBf
of about 0.0005 inches to about 0.0015 inches.

Hiwey 88 thegrauiziigeges is lzﬁlm adngltﬁeﬁ iinR tessearburizing furnace, a
bR PSR QAL R el dE AR P M SRt g M Raog e

andulre@oeinues farepesiat b tinl zﬁhﬁ cbﬁﬂmwg o thd tht:Ragctfdr dp
of the present invention, the conmponent fornmed of the

étaabwzgs%sga@t@ert SRR a e the conpdeticacpfithe predetermined time
(0B UE L B 2 BERP R yoRIP e BBR prliald SR

11615@1 thE coipkbepo of ﬂlleq»hlra]hﬂyw cheles fogmalpotit adtivercattemsdiffusion
wei ght per cent qlf rous has been found capabl e of
vﬁyf‘%stthﬁd’a?fi?@s Wﬂgt BatFluGe ReshGRPYHAYE PapErditiysien time. In
Vi 114k B iR i for i RE URR OYnd N

present application contenpl ates t e utilirzation of
dbinperpives aspthe aetivsinaitoatdiBnsipr oprds batswithuonlt thobi adgltimmtof oy

I ted,t u nd/ or at mospheri.c. .The. preferr
Pt T BR oS e Pt e s i A ORieR i hilbenapre
whé EdtbéieoaR 1O lIFfusE NEHBARMS Thel AERHUTHRn| cBhglétﬁ% of the
carbur|2|n%~furnace to all ow carbon atons to fuse

taHBefbemeifigsion cyde of ﬁl@@oe&carm@nmmmquﬁmndwm thp

t %&p%ﬂ%ﬁ iPRE 11;1 8(95;%% £ Ocﬂg cf 1512%1%;2 G5 %Hlfe rQPlﬂgr @ragléegchmg

ane qﬁeﬂitﬁlﬁl'glhabﬂd e bﬁeb fbrrri the hu&icnmghuéteﬁgtls bdigttéBRoMdil,
Met hane, Acetyl ene, and conbinations of these gases.

Neatsfiaod ag dngihansy BaWwRyer ifichakenshing menterialy arglepniemptateche
?%feem.t REmlofROEICSf the P Shvellfod BERSPLHES i@loofd £0m the

carburizing temperature by a slower cooling process.

The component is then subjected to post thermal cycles such as annealing,
hardening, stabilizing and tempering. One form of the post thermal cycle will be
described below. However, it should be understood that other post thermal cycles
are contemplated herein. After carburizing, the carburized material is annealed at
about 1200° F for about 6 hours, then furnace cooled to below 200° F. This portion
of the cycle places the steel in a softer condition suitable for a conventional
machining operation. In one form of the present invention, after the annealing
process at least a portion of the nickel plating is removed from the component prior
to further acts to harden the component. In a preferred form of the present
invention, after the annealing process the entire nickel plating is removed from the
component prior to further acts to harden the component. Chemical means,

mechanical process and/or grit blasting may remove the nickel plating.
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carbon atons diffuse into the Pyrowear 675 wl|
determ ne the surface hardness, case hardness profile,

w@pesoerhd de type, size and distribution in thECHSE04/036589

portion. In one formthe vacuum carburizing process
i ncludes the follow ng cycle. The environnment wthin
the carburizing furnace was ]gvacuat ed to a

subat nospheric pressure. The tenperature of the

c onpo ﬁﬁmcaﬂsmrzad grdarmgaled magrsinl isctiemhaydenes; ah glevated

| REAE oL B PO R0 G SR A oot 0

Crﬁihhtb@ if&ll dveed BRpIdaobligy slichia @n oilequeast wakeziqnench, or gas fan
process. Thereafter, carburi m:ﬁgl gas is admtted into,

taeeling Hawlening ot thessealewERddemprTAEiesButs Rarbidss BiP sApHep in
R L

fthg Fedg@ning kRerbdh atayithin thi@on aeusig it cotransi@m toarmartensitic
period of tinme and

be i
OB DB GE60T MCTPRETT Bishab oo Ale TEBBIgthn
qﬁat%ﬁ:ﬁ arﬁr@ﬁt%ﬁg ik Bl & Helin gﬁl@&"'a{‘&)ohh L2002 FURMs MW Booled

e I's repeated a plurality of tines.
LQ;ﬁ.nﬁactehmdadDmﬂlcbﬂwm re-bdrderiedl aplenomal {iy toéchigyelagmoteor m ng

t he active carbon dlffu cl

R RIS TG BEE e eiepo e itk RouRe R RRRRSpY HRe S0
tTlﬂ? secbid 8RRehiff MdyR ROSdbIC BN hbZdIWeyPRTEIsHE and depends
diffusion tinme occurs at the sane tenperature as the

aron\ie de;s:grrparmnﬁmsmqiudlng case depth anidrdesigad miseostyEiUS- on

of any her [ Thi '
pasel Al e Gl Eipucnry MR Bn B0Re ARUAMG D,
GhfikHEas EoslEdBElowbem tdifpdraiuey, oaktabiliped Wattpl sicuotndliour
the active carbon diffusion cycle or the post

cﬁteb wracking gogra sempesatyfes thegnerialyie peoledio %@Fﬁ@éﬁé‘ﬁ? npy
t o
& eg ﬂ(]taﬁll a%o{nr 983 qud H&L Q\Vﬁ&tzxkf%l%e& ‘ﬁFQﬂ%{b@ﬁ@-@@ ?"f&‘ rfgt eess

ng uenc n one tormt

q:u@m @lﬁ‘dulﬂ gwmabu&ﬁ i Alfter &11§£hlﬁﬁia&ﬂ)nfpham did quewatsemr wahegto
i nert gas, however other quenchi ng material s

cr@mnetﬁ@m&aewe hEpeR ?Pmplﬁtl%meﬁ the stapPiZatien ProRess Eg@mﬂal is
t@fé}?@lteho Mﬂﬁﬁsgmgﬁe 8B%r defer F&%ﬁ‘l raérﬁrfélh{s&aﬁ?er U drpd Rk

erature ower cooling process.” The conponent
| tsmipkyed byepting the objecipiasicitchkating Ialrcfymaesmam(cehnq;hat about 600°
aIQ !f]oeréalbl)g %WO hours. In a preferred form, the temperature is maintained within a
range of 600° F = 25° F for two hours = fifteen minutes and then cooled to room
temperature. The tempering cycle can be repeated once or a plurality of times as
required obtaining specific material properties.

In one form of the present invention the stainless steel Pyrowear 675
component with an electroless nickel deposition alloy coating is placed within the
vacuum carburizing furnace. A cycle within the furnace was run including the
following. The environment within the carburizing furnace was evacuated to a
sub-atmospheric pressure of about one torr. The furnace was heated to bring the
temperature therein to a desired carburizing temperature. Thereafter, carburizing

gas having a carbon content is admitted into the chamber for about one minute. As

the carburizing gas is being admitted into the carburizing furnace, a pump is
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hardeni ng, stabilizing and tenpering. One formof the
post thermal cycle will be described bel ow. However,

WO 2oosheubd be understood that other post ther neCT/Uymbe636589

are contenpl ated herein. After carburizing, the
carburized material is anneal ed at about 1200F for
about 6 hours, then furnace &dol ed to bel ow 200 F.
This portion of the cycle places the steel in a softer
Cmﬁtﬁfﬂ tondrewi a faither aonum Witbmtvmetfhmaeé TR dvaividddown of the
erat i O ne form of resent. i nvention, after
drinfe A

Ss%ﬁ%‘g %98§§mé’tueﬁ ex106 G o inigptes pemeARRd
pfr@ﬁn' Wini the ERTRYAR b4WBhR @nt@@ﬁg’ﬁlﬁ?ﬁ‘lte f?ﬁ*fa% EI?OJ gt her

acts to harden the conponent. Inh a preferred form of
tmnmkte@wﬁthe pl@émenmmed tifneerf foureniantee &b drgwingaloessthe he

TR R A A 1 R o
CGhaed @lﬁingﬁﬁ@ﬁk&we@%ﬂ %ﬁl?dlorpé}féfee pd S n;?;ﬁet%ﬂ &£ the activ

bl asti ng may renove the nickel e carburize
ai?abm&ame@ crae.dhe @nmp@enh@rdemaepest qatblmjzm\gqtaenve

SRR el T PR B B o ndstin P

Ctembblﬂglrs actheastivcadbdn dIEEGRA cydl@ber wHkAA eib additi BET any
F}tan cool i ng, Hardeni ng at these el evated tenperatur es
o)

FbCTCAFITHIE 483 0%i0 e e 1Thorasior, upen cpplatiemp the post
Cé%%drﬁ@h véJ il céf@l% k?llneg ntol 5{)1%{1 ﬁr%irhtgg :J%Lr'gﬁnzmg

hOV\EVEf remal ni ng car

damsenagm rapid:iy by anafobing ih @ﬂehemad mmw PF.CThE torepotedt is then
[ in.carbon and therefore high in hardness. After

hi gh
P?i‘;i‘ﬁl%ﬁ’?ﬁﬁ%a? ACAAREPIOSFSSa first time, the material can
be anngahestefhc@RPHEs. bZ@QEeré‘%dﬂlﬁétPé’t\é(fﬂﬁ I& rgé)ﬂﬁrdﬁl?e

cool ed) and then re-hardened a second t achi eve
slypiuee W@lﬂf@g@ fronscamhurizosg pyroweard74 mrtﬁhalntgmp dorncafsthe present

' d f .HRc 50.. Thi .
ARASaRRg Rl Pube beBFTlae iatescd ingreich 1058 e camusest
dack GeREADS rétRedRnicden SSOAN . PRA @ﬂl‘ﬁfﬁﬁ%efs‘ﬂﬁ{ &4t 88n gf?§§set

dept h and desired mcrostructure ter eri al
ifQrth &y Kign&dUpen revégw gf Figl 8 therreatisy bh@ﬂd aptdahe flg@ uttifoemly

SRR ety Rk RRUEE B RuiPPeah Pl fteadin swpuriseth

tperqyesaa bus @ftertﬂaﬁlglmh%lbcahnd Bave0the didkel Rati®SRAPpFEd Y Eerit
b?astmg

While the invention has been illustrated and described in detail in the
drawings and foregoing description, the same is to be considered as illustrative and
not restrictive in character, it being understood that only the preferred embodiment
has been shown and described and that all changes and modifications that come
within the spirit of the invention are desired to be protected. It should be
understood that while the use of the word preferable, preferably or preferred in the
description above indicates that the feature so described may be more desirable, it
nonetheless may not be necessary and embodiments lacking the same may be
contemplated as within the scope of the invention, that scope being defined by the

claims that follow. In reading the claims it is intended that when words such as

13 22 &6 2? &L

a a EE N33
?

at least one,” “at least a portion” are used there is no intention to limit



war mer than about -90 F and held at not warner than
about -90 F for not | ess than about two hours. After
W kios/oet4edbi | | zati on phase, the object is air WaCTES000036589
room tenperature. Upon conpletion of the stabilization
process, the material is tenpered. Wthin about one
hour after reaching roon1tegg%rature, the object is
tenpered by heating the object in a circulating air
fthe nkoe toranlytaicieth wtlesalspreifli@y srtddde thdboantraryvm the akagm.
I referred form, Ee t enper at ure LS in;aineg .
R Bihe fogredfat R sPREpSLtiRe Faton P e item
NinBY frRFuddRhdr G afPs tBéledtRe tORUNI QEBRICHIJANG stafd¥to the
tenpering cycle can be repeated once or a plurality of
t¢ombrgryas required obtaining specific materi al
properties. In one formof the present invention the
stai nl ess steel Pyrowear 675 component with an
el ectrol ess nickel deposition alloy coating is placed
wi thin the vacuum carburizing furnace. A cycle within
the furnace was run including the follow ng. The
envi ronnent within the carburizing furnace was
evacuated to a sub-at nospheric pressure of about one
torr. The furnace was heated to bring the tenperature
therein to a desired carburizing tenperature.
Thereafter, carburizing gas having a carbon content is
admtted into the chanber for about one mnute. As the
carburizing gas is being admitted into the carburi zing
furnace, a punp isoperated to draw a further vacuum
within the furnace. The drawi ng down of the pressure
within the furnace continues for a period of four
m nutes as neasured from when the carburizing gas
began entering into the furnace. Upon the conpletion
of the predetermned tine of four mnutes for draw ng
down the pressure within the furnace the cycle is
termnated. This cycle is repeated 520 tinmes during
the active carbon diffusion cycle. Upon conpletion of
the active carbon diffusion cycle, the conponent
under goes a post carburizing passive diffusion tine.
The post carburizing passive diffusion tinme occurs at
the sane tenperature as the active carbon diffusion
cycle but without the addition of any
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waledosueison cycl e the conponent

further carburizing gas into the furnace. Thereafter,

upon conpl etion of the post carburizing passive

i s cool ed from PEBEUS2004/036589
carburizing tenperature rapidly by quenching in oi

heated to 140 OF. The conponz&t is then subjected to

an anneal ing process. Wth réference to Figs. 7-9,

there is illustrated noicrographs of the structure
resul ting fronlcarburii@ﬁﬁﬁi@&i&ﬂ@ﬂﬁ 675 utilizing one
formof the present invention. In Fig. 7, the nickel

plating is present in region 40 and the carburized

base nateri alméiod 6PmefARhe theihardeed & @del objeceBbapASHg:
version of region 41 is set forth in Fig. 8. Upon '
revi enARilyipg g nigkel platipg s deastoprton of @ serfacefof Hie steel object;
uni f or | Sperse o) W r Fi O

o el FR 67 FREPY A5ue o A ESRER ol e
afhr@rghliké nigkelpigalgethddben B axdep@rtidieatai delse griphtat thag or equal
strigfed by grit blasting. While the invention has

b®dh012 inghdsi ated and described in detail in the

drawi n . i . i i . . i .

cons! i BRlethP SRENGATSRE Bid ABiechBE wRPIHE ch fchilHF
chavigri kardness of et legst Red®x st ood that only the preferred
enbodi nent has been shown and described and that al
changes and nodifications that come within the spirit

of theyinvemhl BRURIG SRS 1S FhERiIPSe RBARIRRGShavidg a hardness
shoul d be understood that while the use of the word

poleft dragbRe S0 pt @flepthbp yo aroupP &P imobes.i n t he descri ption
above indicates that the feature so described may be
nore desirable, it nonethel ess nay not be necessary

and eWROdin@ﬂéﬁm&@ﬁ@f@ﬁhﬁh?wﬁ&ﬂﬁlﬂmymﬁﬂﬁﬁgnkﬁﬂﬁkaﬁed

as within the scope of the invention, that scope being
dele¢trrdeps pyckehprogesdi ms that follow. In reading the
clainms it is intended that when words such as "a,
"an," "at l|least one," "at least a portion" are used
there 4s noThéiretHod@f cladmlll Whichifertkdrandtudes rembyingnige nickel
itemunl ess specifically stated to the contrary in the
cPlaii®8- Further, when the |anguage "at |east a portion"
and/or "a portion" is used the itemmay include a
portion and/or the entire itemunless specifically

st at ed5.t o t'fike method of claim 1, wherein said heat treating includes

annealing the steel object, and which further includes removing the nickel plating

after said annealing and prior to further heat treating acts.

6. The method of claim 1, wherein said applying deposits the nickel
plating having a thickness within a range of about 0.0005 inches to about 0.0025

inches.

7. The method of claim 6, wherein said applying deposits the nickel
plating having a thickness within a range of about 0.0005 inches to about 0.0015

inches.
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contrary.IN THE CLAIM5 1. A nethod of increasing the
hardness of a steel object, conprising: applying a

wWor@Eeb74p ating to at |least a portion of a surP@UESWH4/036589

the steel object; subjecting the steel object to
carburizing to allow carbon gfons to diffuse through
the nickel plating and forma case portion at a depth
greater than or equal to 0.012 inches; and heat
treatithg t HEhesmetbd obpletn lavhereinghe steel hjest is degfingdly
the cas ortion having a hardness of at |east Rc 50.
Pl %& %%ﬁhod of claim1l, wherein the case portion
having a hardness of at least Rc 50 at a depth up to
about 0.090 inches. 3. The nethod of claim1, wherein
sai d appl yi Feg madiod @b slaim leWbereingn s3id sHpler@Ng the sedyszing
hod f cla|n11 whi ch further includes
1n%8§a%ﬁsﬁ 8Ee platlng 5. The nethod of claim1,
wherein sald heat treating includes annealing the
st eel obJect and which further includes renpoving the
ni ckel 1G] at Theymathod of glairg 9awh@51n1 thg, V%ﬁwnb?arbum%g includes

fULEDG . I?ﬁea%arféﬁpr?%%yé %tgnoggﬁe?e to°a sughﬁdrﬁlﬁgﬁq pg%sgtﬁﬂleggégtﬁg the

erel n-sail posits the
hastl pbjeat tohhe barbsiszing temperaure anysittofy albowizify mﬁﬁto the

|nches to abo inches, 7. The hod
A PO RFRETS RS RN AIRLFy o iR Oegis S he,
haihiftthet ftcafb%es%sggmﬁtb e rtsREHR oo g 0. 0005

i nches to about 015 i nches. 8 he nethod of claim
1, wherein the steel object is deflned by stainless

ghgjelecﬂgn gT ﬁeerrrrlgéﬂpa if %\ ¢l a\'V[HcIll fu %rlr%hrfdes masﬁmg a portion of

the steel object prior to said applymg to prevent nickel plating on the portion of the

steel object.

12.  The method of claim 1, wherein the steel object is stainless steel;

wherein in said subjecting the carburizing includes vacuum carburizing;

wherein in said applying the nickel plating is an electroless nickel plating
having a thickness within a range of about 0.0005 inches to about 0,0015 inches;

wherein said heat treating includes annealing the steel object; and

which further includes removing the nickel plating after said annealing and

prior to any further heat treating acts.

13. The method of claim 12, wherein in said subjecting the carburizing
occurring at a carburizing temperature above ambient temperature, and wherein the

nickel plating can withstand the carburizing temperature without melting.

14.  The method of claim 13, wherein the nickel plating is a deposition
alloy of about 96 to about 98 nickel and about 2 to 4 percent phosphorous by

weight percent.



10

15

20

25

30

i ncl udes vacuum car buri zing. 10. The nmethod of claim
9, wherein the vacuum carburi zi ng i ncludes evacuating

W0 b@soersbur i zi ng at nosphere to a sub- at nospherPCT/US2004/036589

pressure, heating the steel object to the carburizing
tenperature, admtting carburjzing gas into the
carburi zing at nosphere and dfawi ng a further vacuum
that begins with the admtting of carburizing gas into
t he cal%uri Ai methad nbpiohessiag atsteel Thiectheernpising: cl ai m 1,

whi ch furt her i.ncl udes skin ortion of .t.he steel
obj ect plﬁ{l?%? S?‘bfa%ﬁl%gheasﬁ%?ﬁjﬁﬁ &g@@h 8? 81\[?8%{%% IB?J%ET? nalefial
pl at i NEeaBiRg tNEstRY bbje@ﬂo@fcaﬁﬁiﬁizﬁig&@hp@@i@@;t . 12. The
met hod of claim1, wherein the steel object is ,

st ai nl ebiecsingdle sto obisrifoicatbsazMZSTIIAR Cribgn @ipans diffuse

CAl 4 .includes v buri zi ng: wherein in
saf%&%% g%%ﬁag Fﬁ%gorl{lln c%%%jeg]lggt% ?s%grgélgﬁa%%el ectrol ess

ni ckel rephcdinggt 18V h partian b ttelolesless hivtkel @ateangetensaid
about 0.0005 inches to about 0, 0015 inches; wherein
s#ibjeckiagt treating i ncl udes annealing the steel

obj ect; and which further includes renoving the nickel
plating after said annealing and prior to any further
heat ti®ati e artivnd ocEf3laichHé, whichdartiedr indladanpeHprming post
wherein in said subjecting the carburizing occurring
athesmal opErations aitersaldemgyifie above anbi ent

tenperature, and wherein the nickel plating can

wi thstand the carburizing tenperature w thout nelting.
14. Thé7.net Wbe method| fickaimd 5, whishdimthariveclndaslasheabing thengieel

is .a . depositign allo f,.about, 96 t o, about 98 ni ckel
et TRE Sl bty iR Binen shiiep gty Bost o
P&y ERHtel Said AniERifed of processing a steel object,
conprising: plating a surface of the steel object with

an electroless nickel material; heating the steel

object. .40 argarburi.zi-ng. re; j ' e
st eel %%J ec El“ﬁ ?81 %c 8 rd bol§ Eg“%ﬂ}‘ﬁlgp %gllregll %%@%ﬁfﬁﬁ%{ogﬁnssﬁqg
délkéttsiess nickel material to a thickness within a range of about 0.0005 inches to

about 0.0025 inches.

19. The method of claim 15, wherein the steel object is a stainless steel;

wherein said plating results in a substantially uniform coating having a
thickness with a range of about 0.0005 inches to about 0.0015 inches;

which further includes annealing the steel object after said subjecting;

which further includes hardening the steel object after said annealing;

which further includes stabilizing the steel object after said hardening;and

which further includes tempering the steel object after said stabilizing.

20.  The method of claim 19, wherein the hardened case region having a

hardness of at least Rc 50 at a depth greater than or equal to 0.012 inches.



10

15

20

25

30

through the plating and form a hardened case region;
and renoving at |east a portion of the el ectrol ess

wor@keb74omt eri al after said subjecting. 16. TheCTES1904036589

of claim 15, which further includes perform ng post
thermal operations after sa|2 renoving. 17. The net hod

of claim15, which further 2l udes anneal | ng the

steel object after said subjecting, and which further

i ncl udét peThemsthagd qﬁébnmtlﬁewhqmnct;z@ hatslendd ease segien having a

SRR 0 R0 S L g S e g oo

tﬁbdukoe)senyuhggl n a range of about 0.0005 inches to
about 0.0025 inches. 19. The nethod of claim 15,
wherein the steel object is a stainless steel; wherein

sai d phating, [ %%H-l 1%t fhid 28U Q\ﬁ‘ﬁ:?@ﬁ by %ﬂf}égt%grﬁltle carburizing

coati ng having a Hickress i range
Ood&ng stahasburiimienbedidd dtovienatbésit tariperhrute) ahdi@herein the
| ncl ugfs anneal ing the steel object after said

3ting canmiibrtand fhafarburitil e fawecibie sitheg! maEngt eel
Obj ect after said annealing; which further includes
stabilizing the steel object after said hardeni ng; and
whi ch Zixrt h&he hmﬁiaddﬁslaﬁmrﬁiewhagiltttlenklkelqblamg ®atdeposition

f b ing., 20. . Th d of 19,
e Hl et PoN T 2 el Bad B g ZRa e Fsnises by
a@veifﬁﬁﬁércé%@ afd vleréin ‘i‘l%oéali'blﬁ{z%?é B ra \Ia&ﬂﬁn ‘éﬁrbﬁﬁh‘ﬁg to
0. 0I2 i nches.21. The nethod of cl ai m 19, wherein the

har dened case regi on haV| ng a hardness of at least Rc

and- up2to b tieBryan clalias v Rinde ke b ilys,

28@rucwieethin the haflete® tRE e€libmBy hdjastim@rthel tHigknegs of said plating;
occurring at a carburizing tenperature above anbi ent

tenperature, and wherein the nickel plating can

Wi thstand g GRMNAIrZ1a08 15CHREEA M Ep1fid S HefudBBLdd Al the

thickness of the nickel material to select the carbide formation in the case region.

26.  The method of claim 15, which further includes controlling the
thickness in said plating to control the formation of carbides in the case region, and

wherein the steel object is formed of stainless steel.

27. A method comprising:
(a) applying an electroless nickel plating to a surface of a stainless steel object;
(b) placing the object within a mechanical housing;
(c) evacuating the environment within the mechanical housing to a sub-
atmospheric pressure;
(d) heating the object within the mechanical housing to a carburizing
temperature;
(e) introducing a carburizing gas into the mechanical housing for a first period

of time;
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23. The nmethod of claim 22, wherein the nickel plating
is a deposition alloy of about 96 to about 98 nickel

wapwsabaed 2 to 4 percent phosphorous by wei gheCT/US2004/036589

percent, and wherein the carburizing is a vacuum
carburizing. 24. The nethod 21 cl ai m 15, which
i ncl udes changi ng the carbi dé"structure within the
har dened case regi on by adjusting the thickness of
sfid pilrawingg vesgunwighipgherpechgnice) keusinpgor ahrsoad peded of
plath%Plncludes sel ecting the thickness of the nicke
material 10 sel ect the carbide formation in the case
reg) onrep2fiing baes (Bt-hOfh Oplugdiiay of thies.whi ch further
includes controlling the thickness in said plating to
control the formation of carbides in the case region,
and wh eln t |l
areel . 257 RSt oth 37, whith AR Ao S R loast
epation of eﬁmcmebﬁletmg)dtfadrlsmg regeatingur f ace of a stainless
steel object; ( b ) placing the object within a
mechani cal housing; ( ¢ ) evacuating the envi r onnent
W t hi g he mg&?e a%k cﬂaﬁﬂ e iR Eaﬁasvliﬁg the nickel
pressure; ( eat 1 ng t Ject Wi t t he
neletiemnaftalsaildoesdatigg.t o a carbur|2|ng tenperature; (e)
i ntroducing a carburizing gas into the nechanica
housing for a first period of tinme;( f ) drawing a
vacuumo t hirRe fR@oBRE Biaith 02! whieH Finfttkr iiludes %%@ﬂ'&rbunzmg
period of tine;, and ( g ) repeatlng acts ( ¢
abaskive éiffllsyoncﬂCt tfterssid rogeatinp éo ensblroibie garben atqmszw dlffuse

h cludes renoving at |east a portion of
ﬁ%g% E fhd %ﬁhf?ng after said repeating. 29. The
met hod of claim 27, which further includes renoving

the nickel plating after said repeating.. )
he method of claim 30, wherein said drawing commencing upon

the beginning of said introducing act.

32. The method of claim 27 which further includes annealing the object
afteract (g);

which further includes removing the nickel plating after said annealing;

which further includes hardening the object after said annealing;

which further includes cooling the object to a temperature below room
temperature after said hardening; and

which further includes tempering the object after said cooling.

33.  The method of claim 32, wherein said applying deposits the nickel
plating having a thickness within a range of about 0.0005 inches to about 0.0015
inches, and wherein the steel object having a hardened case region with a hardness

of at least Rc 50 at a depth greater than or equal to about 0.012 inches.

34. The method of claim 33, wherein the steel object having a hardened
case region with a hardness of at least Rc 50 at a depth up to about 0.090 inches.
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30. The nethod of claim 27, which further includes a
post carburizing passive diffusion act after said

WO epeatisng to enabl e the carbon atons to diff uBET/US2004/036589

further into the object. 31. The nethod of clai m 30,
wherei n said draw ng connencégg upon the begi nni ng of
said introducing act. 32. Thé&’ nethod of claim27 which
further includes annealing the object after act ( g );
whi ch further includes renoving the nickel plating

The obpsct AP opHeat okl VG ki R PRRER

| fethindesngoof avogt 1600 ‘Bhp ebduttigo@cir,enper at ure bel ow
room tenperature after said hardening; and which

f ur t heWhpis] wérbappl ¥ing denastis e Heifens) aickelropidng baiirg a thickness
CQ iﬂ“zgrangéof ot 68{)16?91;;8{5 et§ '%@ﬁ‘(f’(?@%"iﬂ&k@f n said

appl'yi ng deposits the nic at'ng having a

t hi cknessreit $aid evaauatainge actib-abnedphfrid00dbount @y t o
about 0,0015 inches, and wherein the steel object .
havi ngWhersHY Weaiddniediemedye Sxstinetiad af e dhahost e minute;

| east at

0012 e syl HERI B RELRL LA AmER ol BuPhfithcs.
stebihabjneatd seamidypradhd tidenestmasing whemsaidirttodacing begins;
hardness of at, least Rc 50 at. a %Ztht h up to about

0.090 PREiTEssabrePafine ACEHERS fer WURES 7, wherei n sai d
heating to a tenperature within a range of about 1600

F to about 1700 OF; wherein said applying deposits a

uni f or 86.ni cbé methwdiof glafra i ngvherdin ihelarelsd platingise deposition

r e about 0.0 .nches to oyt 0. 0025 inches:.
WG ool o el gy BRE kG 23 hipetietr Pos Ty
1weipht perdbit] Ridrvidieis @hecartilir hip@ranite is below tiRemERifg point
of time is about one m nute; erein in said draw ng
t pleths agckabplpiéng- od of time is about four minutes, and
wherei n said second period of tinme comenci ng when
sai d i ntroduci ng begins;

37. The method of claim 27, which includes adjusting the desired

carbide structure within the hardened case region by adjusting the thickness of the

plating..

38.  The method of claim 27, which further includes controlling the
thickness of the nickel plating to control the formation of carbides in the case

region.

39.  An apparatus comprising:
a steel body having a hardened carburized case portion and a core portion,
wherein said case portion has a hardness of at least Rc 50 and is substantially free

of continuous phase grain boundary carbides.

40.  The apparatus of claim 39, wherein the steel body is formed of a

stainless steel.
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wherein said repeating occurring for 520 tines. 36.
The nmethod of claim 27, wherein the nickel plating is

w@2@sperse i on al l oy of about 96 to about 98 ni BREUSZNH036589

about 2 to 4 percent phosphorous by wei ght percent,
and wherein the carburizing tenperature is belowthe
mel ting point of the nickel %@ati ng. 37. The nethod of
claim 27, which includes adjusting the desired carbide
struct4ke wibdippataes diataerd] wheeen saidstaimldsy seelj hastrigneg

the thi gkness of the plating.. 38. The nethad of ¢l aim
il GRPECH ettt o e aiesed of Hormem b ddfegeeka
ofNi} D.85%; ey bdeh@hi(NG) tt BIE:UILEIR kc%fb?s%% AREe @m) 0.7%:
carbides in the case region. 39. appar at us

cwpdiug] (1q:0.6%sanskthe bddycehizan (Fg).a har dened carburi zed
case portion and a core portion, wherein said case
portion has a hardness of at |least Rc 50 and is

subst aait.i al The afpﬁ@ﬁtlﬁfof Chivni IW QUEreRNAS Ba @ FOrforPRANAB  dness
carbiges. 40. The apparatus of claim 39, wherein the

e Shiopdapth greptpphanpr equsl tg \Pbdincheseel . 41. The

apparatus of claim40, wherein said stainless steel

havi ng a nom nal chemnmi cal conposition in weight

pelrcgnﬁé?).of m@l") Hﬂﬂl t’ﬂoi(dﬁb)aéﬂll:%% \Evggl)@h'gthggﬂe)po&iﬁ%s ah(ar'vdhrsess
enu . 8% cobalt . 3% nmgnanese

g)t%_;%b @ﬁ%%&%a%ew@@%%h%e bal ance iron (Fe).

42. The apparatus of claim 39, wherein the case

portion has a hardness of Rc 50 to a depth greater

t han o equBie appar@tud b2 claimm 38swhéBin shitbcaap paitiah isclodes fine

clalm 9d' wher.ei n. he case portion has a hardness of

ﬁ@%g YOUSPeHERCAOINTSt 0 about 0. 090 inches. 44. The

apparatus of claim 39, wherein said case portion

i ncludes fine
The apparatus of claim 39, wherein said steel body is formed of a

stainless steel having a nominal chemical composition in weight percent of
chromium (Cr) 13%; nickel (Ni) 2.85%; molybdenum (Mo) 1.8%; cobalt (Co)
5.3%; magnanese (Mn) 0.7%; vanadium (V) 0.6%; and the balance iron (Fe); and

wherein said case portion has a hardness profile substantially as set forth in
Fig. 6.

46.  The apparatus of claim 45, wherein the steel body forming one of a

gear and a component of a rolling element bearing.

47.  The apparatus of claim 39, wherein the steel object is a stainless
steel and wherein the corrosion resistance of the stainless stee] has not been

substantially degraded in the carburized case portion.

48.  An apparatus comprising:
a stainless steel body having a hardened carburized case having a depth

greater than or equal to 0.012 inches and a hardness greater than Rc 60.



uni formy di spersed carbides. 45. The apparatus of

claim 39, wherein said steel body is forned of a
wgar@snbass steel having a nom nal chemi cal conpOBUB10041036589

in weight percent of chromum (Cr) 13% nickel (N)

2.85% nol ybdenum (Mb) 1.8% cobalt (Co) 5.3%

magnanese (M) 0.7% vanadi ¥ (V) 0.6% and the

bal ance iron (Fe); and wherein said case portion has a

har dng9s pritiiapparstubsf caim 48, wheasingk sthioleshsteel havigg a6.

46. The apparatus of c¢laim 45, wherein the bod
nemiRah ghespicalgompogiion fo eyt RIRPE08 i rgpiusn &t iﬂ‘ ”(?gm"}éel
» g8ty ' O GhAnAhek8.(Mn) 0.7%;
TP PR Bl (8 R e S aharnie (v
wheadim (Vh6.6Carand sheovelanes iroh 4Re)eanwd t he st ai nl ess

steel has .not, been substantially deqgraded in_t I
car burYiEEdn s3id &ass iag‘ﬂlfd%ﬁg pr ﬁf&éﬁﬁ%@ﬁia@% &R S?pr?ll%sl fnnlg:;lfg' 6.
a stainless steel body having a hardened carburi zed

case having a depth greater than or equal to 0.012
i nche$S0and Therrppaiatis of glaa 8 wherein the c#e haoa handaess of at

f im4 in the stainl t eel
BT RE S e reriaooh A O0EBeL T on i n ver ght
percent of chromium (Cr) 13% nickel (N) 2.85%

nol ybdenum (M) 1.8% cobalt (Co). 5.3% magnanese (I\fht}q
0. 7% Slanadiherappipiug obokaim A, Vhrekdhe ARECSIPLesipiagge of the

N

apparatus of claim48, wherein the case has a hardness
of at least Rc 50 to a depth up to about 0.090 inches.
51. The apparatus of claim48, wherein the corrosion
resi stance of the stainless steel has not been
substantially degraded in the hardened carburi zed
case.



